Abstract. The aim of the present study was to retrospectively analyze the clinical efficacy and side-effects of two-dimensional conventional radiotherapy (2D-CRT) and intensity-modulated radiotherapy (IMRT) in 53 NPC patients with cervical spine involvement, without distant metastases. In total, 53 patients were enrolled in the present study, with 24 being treated with IMRT and 29 being treated with 2D-CRT. All 53 patients received platinum-based concurrent chemotherapy and 4-6 cycles of adjuvant chemotherapy subsequent to radiation. The patients were clinically staged according to the seventh edition of the UICC and AJCC staging systems. Overall survival (OS), local progression-free survival (LPFS) and distant metastasis-free survival (DMFS) rates were calculated. The 3-and 5-year OS rates were 87.7% and 45.5% in the IMRT-treated group and 65.5% and 9.1% in the 2D-CRT-treated group (P=0.01). The 3-and 5-year LPES rates were 87.4% and 69.9% in the IMRT-treated group compared with 49.4% and 9.4% in the 2D-CRT-treated group, respectively (P=0.00). The 3-and 5-year DMFS rates were 94.4 and 40.8% in the IMRT-treated group and 79.8 and 30.4% in the 2D-CRT-treated group (P=0.13). N stage (P=0.00) and radiotherapy methods (P=0.01) were relevant to the OS and LPFS rates, it also revealed a significant difference when the DMFS rates were analyzed in N stage. The incidence of dry mouth in the IMRT group was significantly lower (P=0.01), but there was no statistically significant difference in acute oropharyngeal mucositis or myelosuppression. IMRT had significant advantages in local control and OS compared with conventional 2D-CRT, but IMRT failed to reduce the incidence of distant metastasis.
Introduction
Nasopharyngeal carcinoma (NPC) is a common malignancy in mainland China, with an age-standardized incidence of ~13.00-30.94 cases per 100,000 person-years and a five-year survival rate of ~70% (1) . Cervical spine involvement is rare in patients with NPC, and concurrent chemoradiotherapy is the primary treatment strategy for NPC patients with or without cervical spine involvement (2) (3) (4) . The clinical efficacy of treatment for NPC is significantly decreased in patients with locally advanced disease. In particular, the clinical efficacy is decreased in patients with NPC advancing toward the cervical spine, which occurs in 4-6% of NPC patients (5) (6) (7) . According to the domestic 1992 Fuzhou staging methods, cervical spine involvement results in NPC being classified as stage T4. However, this was no longer considered as a clinical indicator of T staging in the UICC/AJCC NPC staging criteria (8) .
In NPC patients with cervical spine involvement, the proximity between the tumor and the cervical spinal cord makes it challenging to balance tumor therapy and spinal cord tolerance using two dimensional-conventional radiotherapy (2D-CRT). The doses of radiation administered to the targeted tumor must be reduced to prevent the occurrence of severe radiation myelitis. The radiation dose to cervical vertebra involved by tumors may be significantly increased by the conformal intensity-modulated radiotherapy (IMRT) technique. In theory, IMRT has unparalleled advantages in increasing the Analysis of the efficacy of intensity-modulated radiotherapy and two-dimensional conventional radiotherapy in nasopharyngeal carcinoma with involvement of the cervical spine HAO JIANG 1 , GENGMING WANG 1 , HONGWEI SONG local radiotherapy dose compared to 2D-CRT to treat NPC with cervical spine involvement. IMRT was employed to treat NPC in 2006. Since then, 53 NPC patients with cervical spine involvement without distant metastases were treated with 2D-CRT or IMRT, and the retrospective analyses of these patients are described in the present study.
Patients and methods
Patients. Between January 2006 and December 2012, 53 NPC patients with cervical spine involvement without distant metastasis were enrolled in the present study, accounting for 5.75% of the total 921 patients that underwent treatment for NPC at The First Affiliated Hospital of Bengbu Medical College (Bengbu, Anhui, China). The patients consisted of 37 males and 16 females aged 12-72 years, with a median age of 45 years. In total, 24 patients underwent IMRT and 29 patients underwent 2D-CRT, based on individual preference. All patients were treated with two cycles of concurrent chemotherapy followed by four to six cycles of adjuvant chemotherapy. The patients treated prior to 2009 were re-staged by magnetic resonance imaging (MRI) and clinical data according to the UICC/AJCC staging criteria (8) . The distribution of clinical data and comparability test results of the two groups are reported in Table I . There were no significant differences in the distribution of clinical data between the two groups, indicating that they were comparable. The present study was conducted in accordance with the Declaration of Helsinki (9) and with approval from the Ethics Committee of the First Affiliated Hospital of Bengbu Medical College.
Definition of cervical spine involvement. All patients underwent plain and enhanced magnetic resonance imaging (MRI) examination using conventional spin-echo (SE) sequences prior to radiotherapy. The cross-sectional, sagittal and coronal planes were used in scanning. Two personnel from the MRI and Radiotherapy Departments of The First Affiliated Hospital of Bengbu Medical College cooperated to determine whether the patients demonstrated cervical spine involvement. The criteria for the determination of cervical vertebrae involvement were as follows. The low signal of normal structure disappeared in cortical bone scan and was replaced by low signal on T1-weighted imaging (T1WI) and slightly higher signal of tumor tissue on T2-weighted imaging (T2WI), which was significantly intensified on T1WI combined with fat suppression (FS) subsequent to FS enhancement. Additionally, the identification of low signal of cancellous bone structure on T1WI and disappearance of a slightly higher signal on T2WI, which was replaced by the low signal for soft tissue on T1WI and slightly higher signal on T2WI (patchy heterogeneous signal) that were also significantly intensified on T1WI combined with FS subsequent to FS enhancement was required (6,7).
Radiotherapy. Radiotherapy was performed using an Elekta Precise (Elekta, Stockholm, Sweden) or a Siemens Artistes ART linear accelerator (Siemens, Munich, Germany). The radiotherapy protocol was designed by Philips pinnacle 7.0-8.2 treatment planning system (TPS; Philips, Best, Netherlands).
The 2D-CRT protocol involved the use of an X-ray beam from a 6-MV high-energy linear accelerator in order to treat primary NPC. X-rays from a 6-MV high-energy accelerator and an 8-15 MeV electron beam were used in combination to treat lymph drainage areas, and the specific ratio was determined based on the tumor size. The radiation dose of conventional radiotherapy was 2.0 Gy per fraction and 1 fraction daily, which was administered 5 days per week. The faciocervical joint field in the pharynx nasalis was irradiated with doses of 36-40 Gy. In the back-reduced field, the spinal cord was avoided, and the radiation field boundary was the posterior one-third of cervical vertebrae, with additional doses of 68-74 Gy (median, 70 Gy). The total doses for cervical lymph node metastasis were 66-70 Gy. Those patients with positive cervical lymph node involvement underwent whole-neck irradiation, while those with no involved cervical lymph nodes were administered with semi-neck prophylactic irradiation at doses of 50-54 Gy.
IMRT was used for the treatment of primary NPC and the neck area. The target volumes were delineated according to the treatment protocol of The First Affiliated Hospital of Bengbu Medical College, in agreement with the International Commission on Radiation Units and Measurements Reports 50 and 62 (10) . The target areas defined consisted of the gross tumor volumes of the nasopharyngeal tumor (GTVnx), gross tumor volumes of the cervical lymph nodes (GTVnd), clinical target volume 1 of high-risk regions (CTV1), clinical target volume 2 of low-risk regions (CTV2), clinical target volume of the neck lymph nodes (CTVnd), planning target volume and organ at risk (OAR). GTV was delineated based on fused computed tomography (CT) and MRI images, since the cervical vertebrae were affected by the tumor. CTV1 and CTV2 were broadened by 3-5 mm and 5-8 mm, respectively, from the GTV and toward the spinal cord. The weight of the spinal cord was increased compared with the GTV when planned with TPS, and the spinal cord exposure dose was defined as >45 Gy, with a volume ≤5%. Each spinal cord plane was assessed to ensure that a surrounding cross-sectional area with >45 Gy was ≤10% of the sectional area of the spinal cord at this level. The brainstem exposure dose was defined as a volume of >54 Gy being ≤5%, and each brainstem plane was assessed to ensure that a surrounding cross-sectional area with >45 Gy was ≤10% of the sectional area of the brainstem on this level. The defined target doses were as follows: GTVnx, 72-74 Gy, 33-35 fractions, over 6-7 weeks; CTV1, 60-64 Gy; CTV2, 54-56 Gy; GTVnd, 66-72 Gy; and CTVnd, 50-56 Gy. For those patients with no involved lymph nodes, only the lymph nodes above the cricoid cartilage were defined as the CTVnd, while the whole neck area was defined as the CTVnd in those patients with positive local lymph node metastasis.
Concurrent chemotherapy.
Concurrent chemotherapy consisted of a cisplatin-based chemotherapy protocol comprising cisplatin (DDP) plus fluorouracil (5-Fu). The DDP dose was 20 mg/m 2 , administered on days 1-3, and the 5-Fu dose was 600 mg/m 2 , administered on days 1-5. The two agents were administered at the beginning of radiation therapy and then at 5 weeks subsequent to the administration of radiation therapy. If patients experienced any severe radiation reactions, such as myelosuppression or oral mucositis of level 3 or higher, the concurrent chemotherapy was be terminated based on clinical assessment and the preference of the patient. The second concurrent chemotherapy regimen was not implemented in 3 patients, consisting of 2 patients in the 2D-CRT group and 1 patient in the IMRT group, respectively.
Adjuvant chemotherapy. All patients underwent six cycles of adjuvant chemotherapy subsequent to radiotherapy. The DDP plus 5-Fu chemotherapy regimen was used. The DDP dose was 25-30 mg/m 2 , administered on days 1-4, and the 5-Fu dose was 600 mg/m 2 , administered on days 1-5. In total, 4 patients, with 2 patients from each group, were treated with DDP plus docetaxel, in which the DDP dose of 25-30 mg/m 2 was administered on days 1-4 and the docetaxel dose of 80 mg/m 2 was administered on day 1.
Tumor response assessment and criteria. The response of the tumor to treatment was assessed following the end of all treatments. The local control and systemic metastasis status were evaluated by enhanced MRI examination and other systemic examinations, including chest CT and liver ultrasonography. Efficacy of treatment in the nasopharynx and neck was evaluated by enhanced MRI. Complete response (CR) was considered to have occurred if the tumor had regressed and the primary mass image disappeared completely on T2WI+FS. Partial response was considered to have occurred if tumor remnants were present, but the tumor volume had reduced >50%. Stable disease was diagnosed if the volume of the tumor had reduced <50%. Tumor progression was considered to indicate progressive disease.
Follow-up. Follow-up was performed mainly by subsequent visits and supplemented by telephone follow-up. The patients were followed up every 3 to 4 months for 3 years subsequent to treatment, and then every 6 months. This was decreased to at least once a year subsequent to 5 years. The last date of this follow-up was May 31, 2013, and there was no study attrition.
Statistical analysis. The date of radiotherapy initiation was the beginning time for the statistical survival analysis.
Tumor progression, local tumor progression, distant metastasis, and mortality were the statistical endpoints of tumor progression-free survival, local progression-free survival, distant metastasis-free survival and overall survival, respectively. These values were used to calculate the 1-, 3-and 5-year survival rates of patients. Statistical analysis of survival was performed using the Kaplan-Meier and log-rank analyses, while factors associated with survival were analyzed using the χ 2 test and Cox regression. Calculations were performed using SPSS 19.0 (IBM, Armonk, NY, USA) and the specific statistical methods are explained in the table legends. P<0.05 was considered to indicate a statistically significant difference.
Results

CR and side-effects of treatment.
At the end of the treatment, the final CR rate of local cancer treatment was 66.7% (16/24) in the IMRT group and 24.1% in the 2D-CRT group (7/29), and these values were significantly different (χ 2 =9.67; P=0.00). With regard to side-effects, there was no statistical difference between the two groups for radiation myelitis, oropharyngeal mucositis or myelosuppression, but there was a significant difference in the prevalence of dry mouth between the two groups (Table II) .
Analysis of the cause of tumor progression. In the present study, the follow-up time was 6-83 months, with a median follow-up time of 39 months. Out of the 53 patients, tumor progression occurred in 32 patients during the follow-up period, with 2 patients demonstrating local progression and distant metastasis. In total, 21 patients demonstrated local treatment failure, with 3 and 18 cases occurring in the IMRT and 2D-CRT groups, respectively, and the incidence in IMRT group was significantly decreased compared with the incidence in the 2D-CRT group (χ 2 =13.49; P=0.00). There were 13 patients that developed distant metastasis, consisting of IMRT, intensity-modulated radiotherapy; 2D-CRT, two-dimensional conventional radiotherapy.
5 and 8 patients in the IMRT and 2D-CRT groups, respectively, but this was not significantly different between the two groups (χ 2 =0.32; P=0.57).
Survival analysis. The data revealed that the 3-and 5-year OS rates in the IMRT group were 87.7 and 45.5%, respectively. In the 2D-CRT group, the 3-and 5-year OS rates were 65.5 and 9.1%, respectively. The difference between the two groups was significant (χ 2 =6.89; P=0.01; Fig. 1 ). However, the 3-and 5-year LPFS rates were 87.4 and 69.9%, respectively, in the IMRT group, and 49.4 and 9.4%, respectively, in the 2D-CRT group. There was a significant intergroup difference (χ 2 =13.26; P=0.00). The 3-and 5-year DMFS rates were 94.4 and 40.8% in the IMRT group and 79.8 and 30.4% in the 2D-CRT group, respectively (χ 2 =2.29; P=0.13; Figs. 2 and 3 ). Univariate analysis of patient gender, patient age, treatment time, case types, T stage, N stage, tumor-node-metastasis (TNM) stage and radiotherapy methods revealed that the N stage and radiotherapy method were each significantly associated with the OS and PFS rates of patients with NPC and cervical spine involvement (Table III) . Multivariate Cox regression analysis also revealed that the N stage and radiotherapy method used were factors associated with the OS and LPFS rates (P<0.05). Only the DMFS rate analyzed in terms of the N stage demonstrated a significant difference, but other factors, such as the radiotherapy method used, demonstrated no difference (P>0.05; Table IV ).
Discussion
Cervical spine involvement is unusual in NPC, with an incidence of ~5%, which is considerably decreased compared with the incidence of basicranial involvement (30-50%). Cervical spine involvement is mainly clinically diagnosed through CT, MRI, positron emission tomography-CT and physical examination (5-7). Poon et al (6) identified in 107 patients that the imaging detection rates of NPC cervical spine involvement by CT and MRI were 0.93% (1/107) and 3.74% (4/107), respectively. Zhang et al (7) assessed 250 patients and reported that the rates of NPC cervical spine involvement that were detected using CT and MRI were 0.80% (2/250) and 6.4% (16/250), respectively. The data in the two aforementioned studies revealed that enhanced MRI was more effective in detecting NPC cervical spine involvement compared with CT. The incidence of cervical spine involvement determined by MRI in the present study was 5.75% (53/921), which is similar to that reported in the literature.
The presence of cervical spine involvement results in tumors being defined as stage T4, according to the Chinese 1992 Fuzhou staging criteria (11), but this was not specified in the 2009 UICC NPC staging criteria. Out of the 53 patients in the present study, 10 patients were defined as possessing stage T3 disease, as they demonstrated simple cervical spine involvement, and the other 43 patients were defined as possessing stage T4 disease, as they demonstrated cervical spine involvement with concomitant cranial nerve injury, pterygoid muscle invasion or intracranial invasion. The clinical features of the patients are listed in Table I . This staging also affected the final TNM staging. Out of the 10 patients that were defined as possessing stage T3 disease according to the UICC/AJCC 2009 staging criteria (8), 1 patient remained classified as IMRT, intensity-modulated radiotherapy; 2D-CRT, two-dimensional conventional radiotherapy. No significant difference in the OS rate of T3 and T4 patients with cervical spine involvement was identified in the present study using Cox multivariate regression analysis (χ 2 =0.52; P=0.47). The 5-year OS rate of all 53 patients was 25.5%, and the 5-year OS rate of the 24 patients treated by IMRT was 45.5%. These rates were significantly decreased compared with the OS rate of patients with local advanced NPC (T3-T4) (2, 3, (11) (12) (13) (14) (15) . Previous studies have also revealed that prevertebral space invasion was an independent prognostic factor in patients with NPC that were treated by IMRT (4, 16, 17) . Although it was rational to classify simple cervical spine involvement as T3 in precise radiotherapy, and IMRT increased the local control rate in patients with cervical spine involvement, the clinical treatment of NPC may become more challenging and the prognosis may be unfavorable if the prevertebral space or even cervical vertebrae was invaded by NPC (12,13) . Thus, additional studies are required to identify whether T stage should be adjusted in patients with cervical spine involvement.
The optimization of the radiation dose between the tolerance of the spinal cord and tumor targets is one of the most important issues in NPC patients with cervical spine involvement. Spinal cord radiation injuries are serious clinical complications that should be avoided in clinical radiotherapy, particularly severe grade III and IV radiation injury (4, 17) . Since the tumor is extremely close to the affected spinal cord when cervical vertebrae are involved, it is extremely challenging to design clinical treatment protocols. In addition, radiation myelitis is often perplexing. When using 2D-CRT, the tumor target dose must be reduced due to the tolerance dose of the spinal cord (17) . However, with IMRT the dose may be optimized based on the precision and degree of control over the radiation dose, which allows the tumor radiation dose to be increased significantly (3, (18) (19) (20) . The maximum tolerance dose of the spinal cord in the IMRT group was 45 Gy, compared to 40 Gy in the 2D-CRT group. A safety dose of 5 Gy was set to avoid scattering and treatment errors in Survival rate was analyzed using Kaplan-Meier and log-rank analyses. T stage, tumor stage; N stage, stage of lymph node involvement; IMRT, intensity-modulated radiotherapy; 2D-CRT, two-dimensional conventional radiotherapy.
2D-CRT, due to the proximity of the posterior boundary of the radiation field, which was 5 mm from the vertebral canal, and the spinal cord. The lowest GTV dose of the involved cervical vertebrae was 60.3 Gy in the 24 patients in the IMRT group. However, the lowest GTV dose could not be higher than 45 Gy in the CRT group, as the radiation dose on the posterior region of the vertebral body could not be increased using the 2D anterior-posterior opposed field radiation that was adopted in the 2D-CRT group. During 2D-CRT, the spinal cord must be avoided, so doses in regions of the tumor in the involved vertebral body were insufficient (21) . There were three cases of radiation myelitis in the two groups, with an incidence of 5.88% (3/53), which was significantly increased compared with the average incidence during each period of NPC (21-23). All 3 cases of radiation myelitis were degree I and occurred at 3-6 months subsequent to radiotherapy. The symptoms were mild and mainly manifested as an electric shock sensation during head bowing and mild pain in the upper limbs. Out of the 3 cases, 1 occurred in the 2D-CRT group and 2 cases occurred in the IMRT group, 1 of which experienced nerve root compression symptoms prior to radiotherapy. Those symptoms were alleviated following radiotherapy, but the electric shock sensation during head bowing and mild pain in the upper limbs appeared 5 months subsequent to radiotherapy. The majority of the symptoms in the three patients were alleviated subsequent to treatment with hormones, neurotrophic drugs and vitamins, and radiation myelitis did not progress during the 2-year follow-up period.
The increased incidence of radiation myelitis in the IMRT group may be due to certain factors. As the cervical vertebrae were involved, broadening of the posterior boundary of the radiation field was attempted to increase the dose administered to the tumor target, leading to a relatively increased dose on the spinal cord, in particular in the IMRT group. Also, although the protocol was designed using the IMRT TPS and evaluated, errors were unavoidable during the clinical practice since the high dose region was usually <5 mm from the spinal cord boundary, leading to uncertainty on the spinal cord dose. In addition, the IMRT dose was strongly controlled, the use of a large raditation dose was attempted to maximize the dose delivered to the spinal cord. By contrast, the dose of radiation administered to the spinal cord was unable to be controlled in the 2D-CRT group, leading to a more conservative administration of radiotherapy, and the incidence of radiation myelitis in the 2D-CRT group was decreased. Although the occurrence of NPC with cervical spine involvement is rare, it is challenging to treat in clinical practice (5-7). In 2D-CRT, the radiation doses administered to the majority of tumors are inadequate due to the spinal cord tolerance to radiation, which results in a decreased control rate of the local tumor and affects patient prognosis and life quality. Prior to the introduction of IMRT, the majority of NPC patients with cervical spine involvement received palliative radiotherapy. The control rates of the local tumor were low in the majority of patients, and the 3-and 5-year survival rates of these patients were significantly decreased compared with the survival rates of patients without cervical spine involvement (4, 17) .
Conformal IMRT was introduced as a treatment for NPC at The First Affiliated Hospital of Bengbu Medical College in 2006, and 53 patients with NPC that demonstrated cervical spine involvement have been treated with conformal IMRT since that time. Out of these 53 patients, 24 patients received IMRT, and the other 29 patients were administered with 2D-CRT, based on individual circumstances. The IMRT group demonstrated significantly improved 3-and 5-year OS and LPFS rates compared with the 2D-CRT group. However, no difference was observed between the 3-and 5-year DMFS rates of the two groups.
The differences between the clinical efficacy in the two therapies may be due certain factors. In 2D-CRT, this difference may be due to the exposure doses of the tumors that invaded into vertebral bodies being restricted by the spinal cord dose limit, and only tumors that are highly sensitive to radiation may be completely eliminated by 40 Gy radiotherapy. Local control and long-term survival may only be achieved in patients with sensitive tumors. 2D-CRT only acts as a palliative treatment for those patients with residual tumor tissue in vertebral bodies subsequent to 40 Gy radiotherapy (22) . These differences may occur in IMRT, since the target region in the involved cervical vertebrae may be precisely defined. Therefore, the exposure doses of the tumor tissues invading the cervical vertebrae are much higher compared with the doses in 2D-CRT. Thus, local control is significantly improved in IMRT compared with 2D-CRT (19) .
The results of the present study revealed that the low limit of the exposure dose of the target region in involved cervical vertebrae was 40 Gy in the 2D-CRT group, compared to 60.3 Gy in the IMRT group. The local complete response rate in the IMRT group was 75.0% (18/24) . However, it was only 25.9% (7/27) in the 2D-CRT group. There was no difference between the DMFS rates of the two groups, which suggested that distant NPC metastasis was affected by numerous factors and may not be altered through the improvement of local radiotherapy.
The most important advantages of IMRT are the protection of normal tissues and the controllability of the doses to OAR surrounding the radiation field. The present study demonstrated that IMRT may provide improved dose limiting and protection to parotid glands compared with 2D-CRT, with significant difference in the incidence of dry mouth between the two groups (χ 2 =7.11; P=0.01). However, the incidence of myelosuppression (χ 2 =0.58; P=0.45) and oropharyngeal mucosal injury (χ 2 =0.13; P=0.72) was similar in the IMRT and 2D-CRT groups.
The 5-year survival rate of patients with NPC has increased to at least 70% with the use of IMRT, in contrast to 50% in patients treated with 2D-CRT. Even the 5-year survival rate of patients with advanced NPC may increase if they are treated properly (18, 19) . Previous studies have revealed that IMRT is valuable in the clinical treatment of patients with NPC, in particular for locally advanced and recurrent NPC subsequent to radiotherapy (20, 24) . As revealed in the present study, IMRT improves the local control and survival rate and also reduces radiation side-effects experienced by patients.
For NPC patients with cervical spine involvement, conformal IMRT has significant advantages over 2D-CRT in local control and survival. This type of patient should be treated with IMRT to gain maximal treatment benefits. However, with the option of precise radiotherapy, additional studies are required to explore whether cervical spine involvement remains an important prognostic factor for patients with NPC.
